Our result corroborates attentional modulation of auditory evoked responses also to naturalistic stimuli. The achieved high decoding accuracy could enable the use of our experimental paradigm and classification method in a brain-computer interface.
Abstract
Selective auditory attention enables filtering relevant from irrelevant acoustic information. Specific auditory responses, measurable by electro-and magnetoencephalography (EEG/MEG), are known to be modulated by attention to the evoking stimuli. However, these attention effects are typically demonstrated in averaged responses and their robustness in single trials is not studied extensively.
We applied decoding algorithms to MEG to investigate how well the target of auditory attention could be determined from single responses and which spatial and temporal aspects of the responses carry most of the information regarding the target of attention. To this end, we recorded brain responses of 15 healthy subjects with MEG when they selectively attended to one of the simultaneously presented auditory streams of words "Yes" and "No". A support vector machine was trained on the MEG data both at the sensor and source level to predict at every trial which stream was attended.
Sensor-level decoding of the attended stream using the entire 2-s epoch resulted in a mean accuracy of 93% ± 1% (range 83-99% across subjects). Time-resolved decoding revealed that the highest accuracies were obtained 200-350 ms after the stimulus onset. Spatially-resolved source-level decoding indicated that the cortical sources most informative of the attended stream were located primarily in the auditory cortex, especially in the right hemisphere. 
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Stimuli and experimental protocol 46
The auditory stimulus comprised of two simultaneous word streams; the word "Yes" was repeatedly presented on the left side and the word "No" on 
Results
Behavioral data 162
The average relative absolute error of the reported deviant count was 49% 163 for the 10-% deviant probability (N = 5; subjects S03-S07) and 12% for the 164 5-% probability (N = 7; subjects S09-S15).
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Sensor-level analysis 166
Average evoked responses to each attention condition ("Attended Left", Spatially-resolved classification indicated that the most informative signals arose from temporal regions. Both the temporal and spatial decoding
Discussion
In this paper, we showed that the target of selective auditory attention 199 to concurrent streams of naturalistic speech stimuli can be robustly detected 
218
To elicit brain responses with maximal attentional modulation but with 219 minimal subject training, we employed meaningful stimuli that are easy to 220 attend to even during dichotic listening. As pointed out by Hill and colleagues 221 (2014), applying naturalistic stimuli as opposed to meaningless tone pips 222 could make dichotic listening more pleasant and thus contribute to stronger 223 attentional modulation of the responses and eventually to higher accuracy in 224 classifying the target of attention.
225
Due to the above factors and the obtained high classification accuracy, 226 our paradigm could be well-suited for a brain-computer interface (BCI Individual differences in response latencies and spatial patterns on the 253 MEG sensor array may limit across-subject generalization of trained clas-254 sifiers. Future studies could assess these differences and their impact on 255 classification accuracy.
256
Our current results are based on MEG measurements. As a non-portable 257 and expensive technology, MEG-based BCIs have limited applications be-258 yond neuroscientific experimentation. However, a MEG BCI could assist the 259 development of an eventual EEG-based BCI that could be adopted widely.
260
Despite the current limitations above, our paradigm and classification 261 approach holds promise for a future BCI. The use of stimuli that directly 262 carry the semantics of the communication or control elements and an intuitive 263 selection task make such a BCI easy to use and likely reduce the training time 264 of both the subject and the classifier.
Conclusions
266
We have shown that the target of auditory attention to one of two con-267 current streams spoken words can be robustly decoded from single MEG re- in an efficient and intuitive brain-computer interface. 272 6. Acknowledgements
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